INTRODUCTION
Influenza A viral infections can cause increased susceptibility to bacterial and fungal superinfections coincident with depressed metabolic and bactericidal activities of circulating and alveolar phagocytic cells (1) (2) (3) (4) . The mechanism by which influenza virus causes phagocyte dysfunction has not been determined. We have recently reported that influenza virus inhibits human polymorphonuclear leukocytes (PMNL)' as monitored by luminol enhanced chemiluminescence (5) . Although this assay has been used to assess cellular oxidative metabolism, it is also dependent on normal delivery of myeloperoxidase (MPO) (6, 7) . Studies have shown that Sendai virus, which is similar to influenza virus in many of its physical components, can inhibit fusion of lysosomal granules with phagosomes in alveolar macrophages of mice (8, 9) ; however, the capacity of viruses to inhibit lysosome-phagosome fusion in human cells has not been examined. In this study we have investigated the effect that different influenza A viruses have on the release of two lysosomal enzymes found in the azurophil granules of PMNL (i.e., MPO and acid phosphatase) in conjunction with the effect of these viruses on bactericidal activity in the cell. The results indicate that virus or virus-associated products inhibit the fusion of azurophil granules with phagosomes containing bacteria. The inhibition of lysosomephagosome fusion directly correlates with depressed bactericidal activity in the cell.
METHODS
Preparation of influenza virus. Influenza A viruses were harvested from allantoic fluid (10) and purified using a sucrose gradient (11 11.3 for o-dianisidine. Bactericidal activity. Prior to exposure of PMNL to bacteria the cells were preincubated with 0.4 ml of virus or buffer for 30 min. Preopsonized S. aureus was then incubated with 5 X 106 PMNL at 37°C for 0, 15, and 60 min at a 20:1 ratio using a previously described bactericidal assay (19) . Triplicate 20-Ml samples were taken using several dilutions of the incubation mixture and put on sheep blood agar plates that had been prewarmed at 370C for 2 h. The percentage of bacteria killed was calculated as previously described (5) .
Statistical evaluation was done using the paired Student's t test.
RESULTS
Electron microscopy. Prior to challenge with virus or bacteria the DAB reaction product indicative of MPO was localized to numerous large azurophil granules. Following ingestion of either virus (Fig. LA) or staphylococci (Fig. 1B) PMNL degranulation occurred and electron opaque reaction product was observed in the respective phagosome of each microbe. When PMNL were preincubated with Texas 77, PR8, X-31, or X-47 and then exposed to staphylococci, apparently normal phagocytosis of bacteria occurred; however, there was a striking decrease in the deposition of MPO within phagosomes containing bacteria (Fig. 1C) . The lack of normal granule-phagosome fusion (and intraphagosomal degranulation) was noted in >90% of the PMNL even though MPO-containing granules were observed immediately adjacent to the phagosomes using stereo electron microscopy (data not included). In contrast to this pattern, PMNL incubated with X-47a and then exposed to staphylococci had MPO in bacterial as well as viral-containing phagosomes (Fig. ID) . Similar studies of intraphagosomal deposition of acid phosphatase demonstrated identical results (Fig. 1E) .
MPO release. PMNL stimulated with buffer for 30 min did not release any detectable MPO. All virus preparation (including X-47a) caused a modest stimulation of extracellular release of MPO ranging from one-twelfth to one-third that seen after zymosan ingestion (Table I) . When PMNL were preincubated with Texas 77, PR8, X-31, or X-47 virus for 30 min and then stimulated with opsonized zymosan, there was a significant decrease in the extracellular release of MPO as compared with cells initially treated with buffer (P < 0.05). In contrast, preincubation of PMNL with X-47a virus did not depress MPO release induced by phagocytosis of zymosan (Table I) .
Bactericidal activity. The ability of PMNL to kill S. aureus was significantly decreased after 15 and 60 min in cells pretreated with Texas 77, PR8, X-31, and X-47 (P < 0.05), but not with X-47a (Table II) . DISCUSSION The mechanism by which influenza virus enters PMNL has not been studied, but this virus has been shown to enter canine kidney cells by endocytosis and then to rapidly fuse with lysosomal membranes (20) . In the present study, ultrastructural cytochemistry of PMNL incubated with Texas 77, PR8, X-31, and X-47 virus revealed azurophil granule enzymes within vacuoles containing these viruses. Upon subsequent exposure of virus incubated cells to S. aureus, enzyme product release into phagosomes containing the bacteria was markedly decreased. Stereo electron microscopy demonstrated MPO-containing granules adjacent to these phagosomes but fusion of these granules with phago-1395 ticles (arrows), and is seen in phagosomes containing staphylococci (S). X9,000. Similar experiments done with X-47 virus and staphylococci showed acid phosphatase in the phagosomes containing virus but not in phagosomes containing bacteria (data not shown).
Inhibition of Neutrophil Lysosome-Phagosome Fusion Associated with Virus (1, 5) . Inhibition of MPO release could produce decreased bactericidal activity by inhibiting the formation of peroxidase-dependent microbicidal oxidants (21) . Inhibition of intraphagosomal release of other lysosomal enzymes could also cause depressed nonoxidative microbicidal killing (21) .
To date, studies involving depressing virus and nondepressing virus of identical parentage (i.e., X-47 and X-47a) have not identified a difference in the physical characteristics of these two viruses. The PMNL dysfunction could be due to a specific component of these viruses, a substance released from viruses or a product associated with the interaction of viruses with eukaryotic cells. Although determining the difference between X-47 and X-47a virus could identify the mechanism by which inhibition of lysosome-phagosome fusion occurs, the data obtained in this study indicates that the disruption of lysosome-phagosome fusion occurring in the presence of influenza virus may lead to depressed bacterial killing by PMNL. Additionally, the inhibition of lysosome-phagosome fusion in conjunction with depressed bactericidal activity of PMNL may help to explain the pathogenesis of secondary microbial disease in patients with influenza virus infections.
